INTRODUCTION
'Rat Park' is the name given to a series of studies beginning in the 1970s and led by Bruce K. Alexander in his laboratory at Simon Fraser University, Vancouver, Canada, where he found that rats living in a social environment were less likely to self-administer oral morphine than those housed in isolation. Alexander and his colleagues interpreted these findings as evidence of the importance of environment in the development and maintenance of addiction, and their neat, intuitive concept has captured public imagination. Popular TED talks about addiction cite the study, and the experiments have even been turned into a comic and animation with millions of views. Organizations campaigning for more progressive drug laws use the paper as a touchstone (along with Robbins' work on Vietnam veterans, which has also been covered as part of this series [1] ) for the importance of consideration of environmental factors in the development and responses to substance use disorders [2] .
BEHAVIOURAL PHARMACOLOGY IN THE 1970S
Alexander has himself written extensively about his motivations for setting up Rat Park. Pre-clinical models of (operant and non-operant) drug self-administration and reinforcement were well-established at the time in a variety of animals, including rodents and non-human primates [3] [4] [5] [6] . Although there was uncertainty over how well these modelled human addictive behaviour and the conditions under which human drug use occurs [7, 8] , knowledge was beginning to emerge of the importance of procedural manipulations and variables such as training techniques, schedule of reinforcement, acute stress, social hierarchy, rearing conditions and housing of animals (including naturalistic colonies and enriched environments) on drug-seeking behaviour [9] [10] [11] [12] [13] [14] . However, much of this early work was focused on oral intake of alcohol, and Alexander's programme of work also sought to understand how morphine consumption interfered with the usually socially orientated rodent colony behaviour that produced social cohesion, reflecting contemporaneous criticisms of the validity of pre-clinical models where drug ingestion was considered a predictable response to experimenterinduced stress [15] .
THE ORIGINAL 1978 STUDY
The study involved some setting-up-the researchers built an L-shaped 8. The methods by which water and morphine solution consumption was measured differed depending on housing conditions. Rats in isolation had their water bottles weighed, and the difference recorded as the amount consumed. This was adjusted by comparison to a water bottle attached to an empty cage, as a crude attempt to account for leaking and evaporation. In Rat Park the water bottles were at the end of a clear plastic tube, large enough for one rat only. Each rat had an identifying mark on its back -when they entered the tube a video camera was triggered that recorded which rat had entered. The water bottles released drops individually in to a well below the bottle. A light beam was broken by a rat drinking from the well. When the rat pulled back, the light beam reconnected and another drop was released. Counters recorded how many drops had been released-these counters were also recorded by the video camera.
A large amount of data was collected during this study -morphine consumption was measured in three different ways and data were collected on eight 'forced choice' days during various stages of the experiment across the four groups of rats (split by location and sex). After four deaths during the study, there were two isolated females, six isolated males, seven social females and 12 social males. Clearly, these are very small group sizes, even for an animal study. The amount of morphine consumed in all periods was highest for the female isolated rats-the group where there were only two animals. Broadly, they found that isolated rats consumed more morphine than rats in Rat Park, and that female rats consumed more morphine than males. Across the 4 choice-days in the 3-day cyclical schedule, isolated rats' morphine consumption increased, while consumption in Rat Park decreased. However, it was not the case, as is sometimes reported, that the rats in Rat Park consumed no morphine.
Alexander and his co-authors' conclusions were quite measured. They suggested that their findings showed that 'sex and housing are important variables…' and that '… theories that do not consider these factors run the risk of oversimplification'.
FOLLOW-UP STUDIES
After this initial study, the group undertook a further two studies to expand upon their results. The first was a replication of the original study, but using rats with no prior exposure to morphine [17] . In this study they gave rats a choice between tap water and a morphine solution that was made progressively more palatable (by increasing sweetness and reducing morphine concentration), in 5-day increments. Again, the results showed that female rats consumed more morphine than male rats, and that isolated rats consumed more than the Rat Park rats. However, these differences were only observed at high sweetness, low morphine conditions.
A third study investigated whether housing conditions impacted upon morphine consumption depending on at what age an animal was exposed to the enriched or isolated cages [18] . In this study rats were raised either in Rat Park or in isolation, and then when they were 65 days old half were switched. The authors again found that rats in Rat Park consumed less morphine than isolated rats, regardless of where they were raised, although this study found no sex differences. All three studies are described in more detail in Table 1 .
There are a number of limitations to the design and reporting of these papers. Perhaps most important is the different method of collecting data for the colony rats versus the isolated rats. If data are collected via different methods for different groups, there is an opportunity for systematic bias to be introduced into a study. For example, if Alexander and his colleagues were underestimating the amount of morphine solution that leaked in the isolated cages, but it was being measured completely accurately in the colony housing, then they would find a difference between the groups even if none were there. However, that they also collected information on water consumption and did not see an identical pattern might be some protection against this. Further, the impact of allowing males and females to live together in Rat Park adds another inconsistency between groups-rat pups. It is not clear from the papers how Alexander and colleagues dealt with any offspring that arose from the mixing of males and females. Pregnancy and weaning impacts upon females' behaviour and nutritional requirements, which could be a source of further bias. Similarly, communal living could lead to competition for resources, which could impact upon consumption behaviour related to group dominance dynamics. The small sample size and complex study designs mean there are a large number of possible ways Alexander and colleagues could have analysed their data, and the risk of false-positive results are higher.
Nowhere in these original papers do Alexander and his colleagues make the connection between their findings and any implications that they might have for human addiction, or understanding the impact of deprivation or life-style on the risk of developing problematic substance use. While contemporaneous researchers were highlighting the importance of environmental and societal influences on human development and substance use [19] [20] [21] there was little reference to the biopsychosocial models of addiction that predominate today, and for which Rat Park is now oft-cited as evidence. However, after ending his programme of pre-clinical research, Alexander began to use the findings of Rat Park to develop an adaptive model of drug use, whereby substance use disorders could be considered a response to environmental stressors and chronic distress of any sort [22, 23] . This has included a wide range of public lectures and writings, including a popular science book [24] .
REPLICATION ATTEMPTS AND CONTEMPORANEOUS STUDIES
Independent attempts to replicate the findings of Rat Park, and expand them to other substances, have produced mixed results. An earlier study had expanded the drugs under investigation to include both morphine and cocaine [12] . Their findings were different from Alexander and colleagues'; the Wistar rats in their study showed no difference in morphine consumption whether they had been raised in an enriched environment or an impoverished one. They also found that rats in the enriched environment consumed more cocaine-infused water than rats in the impoverished environment. A 1987 study also investigated the impact of environment on cocaine selfadministration in rats, this time using intravenous administration after a schedule of lever presses [25] . Their results were more in line with Rat Park-isolated rats The differences seen in housing consumption were broadly driven by differences in the male rats. (Continues) quickly learnt to press a lever to administer cocaine, while socialized rats did not consistently acquire this behaviour. In 1996 Petrie attempted to replicate Alexander and colleagues' 1979 study [17] , where rats were given increasingly palatable morphine-sucrose solutions during the course of the experiment [26] . Petrie ran two experiments, using two different methods to record the data in an attempt to eliminate the potential bias caused by Alexander's differing measurement techniques between conditions. Across both studies the amount of morphine solution consumed by colony animals was broadly similar to that seen in Rat Park, but the isolated animals in Petrie's study on average consumed substantially less morphine solution than those in Rat Park. Petrie points out that the strain of Wistar rats had altered since Rat Park, and therefore that the difference found might be due to genetic factors.
LEGACY
The Rat Park programme of research was relatively short, and largely in keeping with contemporaneous rodent studies of alcohol. The work of Ellison and colleagues, for example, identified variation in rodent self-administration of alcohol to the extent that they were even able to identify rats who preferred drinking in a 'cocktail hour' or for a 'nightcap' [10] . The effects of environmental enrichment on rodent behaviour has been studied further, and implicated in behaviours such as reduced stress-induced reinstatement of drug-seeking or reduction in naloxoneinduced withdrawal. Other studies suggest that the protective effects of environmental enrichment might not be unique to rewarding drugs, and similar findings to Rat Park have been observed with respect to other rodent behaviours, cognitive abilities, stress and progression of disease [27] [28] [29] .
Rat Park tells us a great deal about animal models of drug reward and self-administration, and for this reason the studies form part of the history of behavioural pharmacology. However, in this context Rat Park was not particularly novel, and there have subsequently been more compelling findings describing the complex interactions between individual, social and environmental factors in determining human substance use behaviours (e.g. [30, 31] ). Rat Park provides a model of one experimental manipulation (housing) on one particular behaviour (morphine self-administration), and so the popular interpretation that the work provided a new understanding of addiction is overstated. Supply, availability and opportunities for substance use are all important proximal determinants of human substance use and are not determined by the manipulations of an unseen experimental hand [32] , and investigations of the impact of early years adversity There was less evidence for differences in female rats, and no difference in consumption among the sexes highlight that 'environment' also includes factors such as poor access to services, social exclusion and the inability of individuals and communities to participate effectively in mainstream social, cultural and political life [33] .
CONCLUSION
Rat Park is no doubt an important and interesting set of studies, and the core message it suggests-that addiction is more complicated than a biological response to consumption of a drug-is a hugely important one, but that does not mean that we should not read the study itself with a critical eye, or use it to suggest that environment is the only important factor in the development and maintenance of problematic drug use. Differences between rat groups only emerged in very specific conditions-in rats 'pre-addicted' to morphine, in the precise concentrations of morphine and sucrose, at certain stages of the experiments. The numbers of rats in each of these studies was extremely small, and the number of comparisons made in each study was high. Rat Park was broadly aligned with other behavioural pharmacology findings at the time it was conducted, although most rodent drug self-administration studies continue to house animals individually. It highlighted important considerations when designing experimental manipulations and the influence that environmental factors might have on rat models of addiction. However, whether it is truly an accurate model of human addictive behaviour is more questionable. It is certainly true that numerous studies since Rat Park have shown the importance of environment in influencing human drug use, particularly in early years, but when considering socio-ecological models of health, drug use, drug choice, maintenance and development of problematic use or disorder, these are not simply a product of social environment (or lack thereof), but a complex interaction of individual risk (genetic and environmental) integrated within a larger social system, which are themselves complex and multi-levelled. However, this is not to construct a 'straw man' out of Rat Park-it has endured because advocating policy change requires a 'good story' and a simple narrative that has, or should have, at least some basis in evidence [34] .
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